Abstract. Current data are inconsistent regarding the association between interleukin-6 (IL-6), a marker of acute phase inflammation, and pelvic endometriosis. The aim of the present study was to assess IL-6 levels in serum and peritoneal fluid (PF), as well as IL-6 gene expression in adipose tissue (AT) and endometrial samples in pelvic endometriosis. A total of 30 patients with endometriosis and 18 women with a normal pelvis were enrolled in this case-control study. IL-6 levels in PF and serum were determined using a human enzyme-linked immunosorbent assay and IL-6 gene expression was evaluated using reverse transcription-quantitative polymerase chain reaction. It was observed that IL-6 levels in the PF were higher in patients with endometriosis than in the control group (P=0.047) and patients with stage III/IV endometriosis exhibited higher IL-6 levels in the PF than those with stage I/II endometriosis and the control group (P<0.001). Furthermore, a strong correlation between PF IL-6 levels and the revised American Society for Reproductive Medicine score for endometriosis severity was identified (r=0.77; P<0.001). IL-6 gene expression did not differ significantly between endometriosis and control groups in endometrial samples or in AT of both groups. The results of the current study suggest that there may be an association between IL-6 and the presence and severity of pelvic endometriosis. The source of this higher IL-6 seems not to be specifically related to regional AT.
Introduction
Endometriosis is a chronic inflammatory condition characterized by implantation and growth of endometrial tissue outside the uterine cavity, which appears to depend on an abnormal peritoneal microenvironment consisting of increased levels of pro-inflammatory cytokines and growth factors (1) .
Interleukin-6 (IL-6) is a glycoprotein secreted by a number of cell types including peritoneal macrophages, endometrial stromal cells and adipose tissue (AT) (2) . AT has an abundant supply of inflammatory cytokines and contributes to ~35% of circulating IL-6 (1,3).
IL-6 is a marker of acute phase inflammation and performs a number of biological activities, such as the inducing the expression of vascular endothelial growth factor (4) and the growth and differentiation of B lymphocytes, as well as activating T lymphocytes (5) . Additionally, IL-6 serves an important role in reproductive physiology, as it regulates folliculogenesis, ovarian steroid production and various early events associated with implantation (6) . Previous studies have identified elevated IL-6 concentrations in the peritoneal fluid (PF) of patients with endometriosis in comparison with controls without the disease (7-9), whereas others have failed to detect any differences (10, 11) .
Different serum markers have been established that may identify patients in the initial stages of endometriosis, when ablation or excision of lesions improves reproductive outcomes (11) (12) (13) (14) (15) (16) (17) (18) . Among these markers, IL-6 appears to present good discriminatory power (11, 14, 17) . In turn, other studies have demonstrated that combined analyses of different serum markers may improve the accuracy of endometriosis diagnosis (12, 13, 15, 16, 18) , however no highly accurate marker for endometriosis has yet been detected. Therefore, the present study aimed to evaluate IL-6 levels in serum and PF, as well as IL-6 gene expression in subcutaneous and visceral fat, and in the eutopic and ectopic endometrium of patients with pelvic endometriosis. (19) . Gynecological laparoscopy was preferentially scheduled when the patients were at the secretory phase of the menstrual cycle, however a proportion of patients underwent the procedure during the proliferative phase (22.4%). Dates of the menstrual cycle were confirmed by histological examination and defined according to the criteria described by Noyes et al (20) . In 2 patients the endometrial biopsies were unsatisfactory and 1 patient underwent a hysterectomy prior to completion of the current study; therefore, these patients were excluded from the results and data analysis.
Peripheral venous blood samples were collected immediately prior to laparoscopy, and PF was collected immediately following the beginning of the procedure. Samples were stored at -20˚C until they were processed in the laboratory. Cell components from blood and PF were removed by centrifugation at 300 x g for 20 min. The supernatants were collected and stored in aliquots at -80˚C until assayed.
Serum hormone measurements. Serum estradiol and progesterone were assayed by electrochemiluminescence using an Elecsys 2010 system (Roche Diagnostics GmbH, Mannheim, Germany) according to the manufacturer's protocol. Intra and interassay coefficients of variation (CVs) were >5%.
Serum and PF IL-6 measurements. IL-6 levels were determined using the Human IL-6 Enzime Immunometric Assay Kit (Assay Designs, Inc., Ann Arbor, MI, USA) with a detection limit of 3.91 pg/ml and intra and interassay CVs of 5.3 and 12.4%, respectively. Analyses were performed in duplicate in accordance with the manufacturer's instructions. Internal control samples from the kit were analysed for quality assurance.
Tissue collection. Eutopic and ectopic endometrial samples, as well as subcutaneous and visceral AT samples, were collected from the pelvic region before the end of the laparoscopy procedure: A single sample of superficial peritoneal endometriotic tissue was obtained from the largest lesion; subcutaneous and visceral AT samples (~1 cm 3 ) were harvested at the end of the procedure; and eutopic endometrial samples were harvested via curettage. Samples were immediately frozen in liquid nitrogen and stored at -80˚C until RNA isolation.
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
Total RNA was extracted from the samples using phenol/guanidine isothiocyanate (TRIzol; Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA), as previously described (21) . Concentration and quality of total RNA were assessed with a NanoDrop 2000 spectrophotometer (Thermo Fisher Scientific, Inc., Wilmington, DE, USA). Reverse transcription of 1 µg total RNA into cDNA was performed using a SuperScript ® II First-Strand Synthesis system for RT-PCR (Invitrogen; Thermo Fisher Scientific, Inc.) (21) (22) (23) . qPCR was performed in triplicate, using the ViiA™ 7 Real-Time PCR system (Thermo Fisher Scientific, Inc.). qPCR protocol conditions consisted of denaturation at 95˚C for 20 sec, followed by 50 cycles of 5 sec at 95˚C and 20 sec at 60˚C. Experiments were performed by monitoring in real time the increase in fluorescence of the SYBR-Green dye (Applied Biosystems; Thermo Fisher Scientific, Inc.), as previously described (24) (25) (26) . Primers were designed using Primer Express 3.0 Software for Real-Time PCR (Applied Biosystems; Thermo Fisher Scientific, Inc.) and acquired from Thermo Fisher Scientific, Inc. Forward and reverse primer sequences designed for IL-6 (NM_0,00600) were: Forward, 5'-CCA CAC AGA CAG CCA CTC A-3' and reverse, 5'-CAT CCA TCT TTT TCA GCC ATC T-3'. The GAPDH gene (NM_001256799) was used to normalize mRNA expression. GAPDH primer sequences were: Forward, 5'-ACC CAC TCC TCC ACC TTT G-3' and reverse, 5'-CTC TTG TGC TCT TGC TGG G-3'. cDNA samples (1.0 ng/µl) were mixed with a predetermined forward and reverse primer volume (1.0 µl of each primer for IL-6, and 0.5 µl of each primer for GAPDH) and 5.0 µl Fast SYBR-Green Master mix (Applied Biosystems; Thermo Fisher Scientific, Inc..) in a total reaction mixture of 10.0 µl. Primers generated amplicons that produced a single sharp peak during melting curve analysis. Data were analyzed by relative quantitation using the comparative ΔΔC q method (27) .
Statistical analysis.
Results are presented as mean ± standard deviation or median and interquartile range (25-75%) . Comparisons between means were analyzed using the unpaired Student's t-test or Mann-Whitney U test. Comparisons of median values involving three groups were analyzed using the Kruskal-Wallis test. The χ 2 test was used to compare qualitative variables. Pearson's or Spearman's rank correlation coefficients were calculated between variables using a two-tailed test for significance. Log 10 transformation was used to normalize the distribution of non-Gaussian variables and mean values were back-transformed for presentation. P<0.05 was considered to indicate a statically significant difference. The Statistical Package for the Social Sciences version 18 (SPSS, Inc., Chicago, IL, USA) was used to perform analyses.
Results

Clinical and hormonal profile of participants.
Patients with endometriosis and women with a normal pelvis had a similar age (32.6±7.4 vs. 33±5.8 years, P=0.98) and BMI (25.5±4.5 vs. 25.2±3.5 kg/m 2 , P=0.86). Table I presents the serum estradiol, progesterone levels and phase of the menstrual cycle for patients with endometriosis and women with a normal pelvis, which were similar in the two groups (P>0.05).
Endometriosis was classified as minimal (stage I) in 14 patients, moderate (stage III) in 7 patients and severe (stage IV) in 10 patients (Table I) . Active endometriosis, characterized by red lesions, was predominant in 16 (53.3%) patients; black and white lesions were observed in 10 (33.3%) patients and endometrioma as the primary observation in laparoscopy was detected in 4 (13.3%) patients. In the endometriosis group, laparoscopy was performed for infertility in 11 patients (36.7%), pelvic pain in 10 patients (33.3%), adnexal pathology in 7 patients (23.3%) and tubal ligation in 2 patients (6.6%). In the control group, laparoscopy was performed for tubal ligation in 13 patients (72.2%), infertility in 4 patients (22.2%) and for both tubal ligation and pelvic pain in 1 patient (5.6%).
IL-6 levels in serum and PF. IL-6 levels were detected in the PF of all patients for whom this cytokine was measured (25 patients with endometriosis and 16 control women). IL-6 levels in the PF were significantly higher in the endometriosis group compared with the controls (P=0.047; Fig. 1A ). In addition, IL-6 concentrations in the PF were significantly higher in patients with endometriosis stage III/ IV than in patients with endometriosis stage I/II and in the control group (P<0.001; Fig. 1B) . However, there were no significant differences in PF IL-6 levels between patients with endometriosis of stage I/II and the control group. Fig. 2 demonstrates a strong correlation between IL-6 levels in PF and the r-ASRM (19) scores of endometriosis severity (r=0.77; P=0.001). Regarding IL-6 serum levels, the majority of the samples exhibited results below the limit of detection of the assay. Only 11 patients, eight in the endometriosis group (mean, 10.2 pg/ml; range, 8.5-12.6 pg/ml) and three in the control group (mean, 9.5 pg/ml; range, 9-12.4 pg/ml) (P= 0.77) exhibited IL-6 concentrations >3.10 pg/ml.
IL-6 gene expression in eutopic and ectopic endometrium and in subcutaneous and visceral AT.
Expression of IL-6 mRNA did not differ significantly between patients and controls in subcutaneous or visceral AT (Fig. 3A) . The mRNA expression of IL-6 was similar in the eutopic and ectopic endometrial tissue of patients with endometriosis, as well as in the endometrium of women with normal pelvis (Fig. 3B) .
Discussion
In the present study, IL-6 levels in the PF of patients with endometriosis were significantly increased compared with those in women with a normal pelvis. In addition, patients with moderate and severe forms of the disease had significantly higher levels of IL-6 in the PF than were observed in patients with mild endometriosis and controls. Furthermore, a strong positive correlation was observed between IL-6 levels in the PF and endometriosis severity.
Current available data on literature are inconsistent regarding the association between IL-6 and pelvic endometriosis. Indeed, the results of the present study partially agree with the findings reported by Velasco et al (9) , which Table I . Distribution of patients with endometriosis and patients with a normal pelvis (control group) according to serum estradiol and progesterone levels and phase of the menstrual cycle. described increased IL-6 levels in the PF of patients with moderate or severe endometriosis but did not identify a correlation between IL-6 and endometriosis severity. This may be explained by the fact that only patients with more advanced stages of endometriosis were included in this previous study. Punnonen et al (7) reported increased levels of IL-6 and IL-10 in the PF of patients with endometriosis and also did not identify any correlation between IL-6 levels and disease severity. Furthermore, Khan et al (10) did not observe any differences in IL-6 levels in the PF between patients with endometriosis and controls without the disease. Laparoscopy demonstrated that patients with red lesions had higher levels of hepatocyte growth factor (HGF), IL-6, progesterone and estradiol than patients with black and white lesions or controls (10) . It is widely considered that atypical lesions (red) are more biologically active than typical ones (black) (28) . Patients in the early stages of endometriosis with more active lesions may have an increased level of cytokine secretion that may explain the symptoms of pain and infertility. Indeed, the level of endometriosis lesion activity, rather than the lesion extension appears to be a more accurate parameter of disease severity. In a previous study, Harada et al (8) demonstrated that PF levels of IL-6, IL-6 soluble receptor and the tumor necrosis factor-α (TNF-α) were correlated with the number and size of endometrial implants in infertile patients. In addition to increased levels of IL-6 and TNF-α in patients with endometriosis, a positive correlation between the number of red lesions and cytokine levels was observed (8) . It was therefore suggested that increased levels of cytokines in PF may be associated with infertility and the pathogenesis of endometriosis and that the production of IL-6 may be the result of stimulation by increased levels of TNF-α (8). These results are in accordance with the results of the present study, which demonstrated that endometriosis samples were characterized by active peritoneal and ovarian lesions in 70% of patients. This may be, at least in part, the reason why a significant association between PF IL-6 levels and the severity of endometriosis was detected.
Endometriosis --------------------------------------------------------------------------------------------
One study reported levels of IL-6 in PF obtained in the secretory phase of the cycle were higher than those in the proliferative phase (8) ; however, other studies have not found significant differences in PF or serum cytokine levels between proliferative or secretory phases (10, 17) . In the present study, laparoscopies were preferentially scheduled in the secretory phase to assess the association between IL-6 levels and endometrial classification, rather than proliferation. However, the material from some participants was collected in the proliferative phase, and serum and PF IL-6 levels could be compared in the two phases for patients with endometriosis and control participants. The results of the current study suggest that IL-6 production is not modulated by steroid hormone fluctuations during the menstrual cycle.
Different cut-off values for serum levels of IL-6 are indicated to be good predictors of endometriosis (14, 17, 29) . Others have suggested that an association of serum markers may increase diagnostic accuracy (13, 18) . The observations recorded in the current study are in accordance with those reported by Kalu et al (30) , which did not detect any differences in the serum IL-6 levels of patients with endometriosis • Outlier values. in comparison with patients without endometriosis. One limitation of the present study was that levels of IL-6 were detectable in the samples of some but not all patients due to the test detection limit. In addition, variations in assay methods and/or patient selection may account for these differences.
In the present study, the correlation between levels of IL-6 and the gene expression of IL-6 in endometrial tissue was investigated. No differences were found in IL-6 gene expression either in the ectopic or eutopic endometrium of patients with endometriosis compared with women with a normal pelvis. It was previously demonstrated that the expression of IL-6 on endometrium may be increased in ectopic tissue (31), and Tsudo et al (32) detected a significant increase in IL-6 expression in endometriotic tissue derived from stromal cells. These differences in results from different studies may be due, at least in part, to the types of lesions being assessed in each study, which included peritoneal, ovarian or deeply infiltrating endometriosis lesions. Furthermore, results from different studies indicate that different lesions may be considered as separate entities with different pathogenesis (32, 33) . Therefore, further studies are required to additionally assess IL-6 protein expression on endometrium, as an altered post-transcriptional control system may be operative in these circumstances.
In the current study, no differences in IL-6 gene expression were detected either in the visceral or subcutaneus AT of patients with endometriosis compared with women with a normal pelvis. This means that the source of higher IL-6 levels in the PF of patients with endometriosis may not to be associated with regional AT. Other cells, including peritoneal macrophages and leukocites may be associated with the local PF production of IL-6 as previously reported (32) , which merits further investigation.
In conclusion, the present results suggest that levels of IL-6 may be associated with the presence and severity of endometriosis. Further studies should evaluate IL-6 protein expression in ectopic and eutopic endometrium in order to elucidate the role of this cytokine in the pathogenesis of endometriosis.
